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INTRODUCTION 

I r r iga t ion  has changed the Coachella Valley in California from 

a desert to one of the r ichest  agricul tural  d i s t r i c t s  i n  the s ta te ,  

A t  present the water is obtahed i h m  wells by punping, but upon 

completion of the Coachella branch of the  All-American Canal, water 

will be available from the Colorado River, Tkfs increased and more 

econordical supply will put many additional acres  of land * d e r  cultiva- 

~ t ion, Because of high land values and because of the nature of t h e  

1 topogra#y, the distr ibut ion system fmn the main canal is t o  be piping. 

1 One important problem i n  t h i s  d is t r ibut ion  system is the select ion of 

1 a sat isfactory method of measuring discharge, In t e s t s  described in 

Laboratory Report HYD 175, nHyd~aulic model studies of measuring 

devices f o r  the Coachella Distribution System, 11 and Laboratory Report 

I HYD 202, llPipeline o r i f  ice studies, Coachella Distribution System, 
*L 

several devices were studied, one using an a l fa l f a  valve, three  using 

* various types of weirs, and one involving or i f ices  i n  the l ine .  Each 

of these methods a r e  undesirable in certain respects under conditions 

I found in the Coachella Valley. 
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4 various types of weirs, and one involving or i f ices  i n  the l ine.  Each 

of  these methods a r e  undesirable i n  c e r t a b  respects under conditions 

f ~ u n d  in the Coschella Valley. 





fouled with moss and because of bearing wear, The dearth of information 

on this type of i r r iga t ion  water measuring device made it apparent tha t  

laboratory t e s t s  as well as f i e ld  t e s t s  were necessary and desirable. 

For a preliminary study a &inch flanged tube meter was procmed 

on a loan basis from the R. We Sparlhg Company, Los Angeles, California. 

The to ta l izer  of t h i s  meter was calibrated to read in units of 10 cubic 

fee t .  

Summary of Tests 

This i n i t i a l  study was concerned only with the determination of the 

accuracy of the rnete~. The manufacturer 1 s published circulars  indicsr t iq  

tha t  the accuracy is  within 2 percent; t ha t  is, the meamred flowwill  . 

vary between 98 and 102 percent of the actual flow. Tests shoded the  

accuracy of the stuaied meter varied from 97.3 t o  101.5 percent. 

It was demonstrated that for  the same discharge the accuracy would vary 
- 

from 97,3 .to 100.5 percent when the l i n e  pressure was increased. The 

exact nature of these variations of accuracy wZth discharge and with 

l i n e  pressure cannot be determined without tes t ing  a number of meters 

t o  subordinate the individual differences found in each meter, 

Recommendations 

It was concluded tha t  this meter was accurate within 2 percent 

as claimed by the manufacturers. However, M h e r  t e s t s  a r e  recan- 

mended to  deternrine the meter character is t ics  of a representative 

sample for  the various s izes  l i k e l y  t o  be used in numbers in i r r iga t ion  

work. It wuld be desirable t o  t e s t  several rneters'which have been 

3 



on the accuracy. It is believed that the meter might be sa t i s fac tor i ly  

used where it was necessary t o  obtain an accuracy bet ter  than 2 percent 
;c 

i f  the characteristics of the  meter were f U l y  known; t h a t  is, the 

relat ions of accuracy to disch'krge and t o  l i n e  pressure, . 
Labcratory Arrangement and Test Procedure 

The 6-inch meter was instal led horizontally i n  a line between 

the laboratory pumps and calibration tank. To insure proper velocity 

dis tr ibut ion a t  the meter, a s t ra ight  pipe 8 f ee t  1 inch long was placed 

upstream from it and a pipe 5 fee t  7 inches long was placed downstream. 

This gave an approach length of 16 diameters which should be adequate 

in l igh t  of the fac t  tha t  the  manufacturer recommends a minimum a p  

proach length of  8 diameters. Two control valves were used, one 

between the meter and the pumps, a d  the other a t  the  cal ibrat ion tank.. 
I 

With these valves it was possible to regulate both pressure and dis- 

1 charge. The calibration tank, with a capacity of 405 cubic feet ,  was 

I part  of the laboratory equipnent. S t  was f i l l e d  by a mechanically 

1 operated swing-spout which could be directed e i ther  in to  the tank 

o r  into a bypass pipe (Figure 2A),  

In preliminary runs the test ing procedure was established. The 

I swing-spout was directed into the bypass pipe until the  flow through 

I the meter was stabilized. Then an operator a t  the cal ibrat ion tank, 

I through a control lever, shifted the swing-spout in to  the cal ibrat ion 

I tank and a t  the same time s tar ted  a stop watch. Simultaneously 

I another operator at  the meter read the to ta l izer .  When t h e  tank w a s  

f i l l ed ,  the swing-spout was shifted back into the bypass, t h e  t ime 



Computations were made for  each run to determine the accuracy of the 

meter; that  is, the  r a t i o  of the volume indicated b y t h e  to ta l i ze r  to 

the tank volume. This method was not suff i c i sn t ly  accurate because of 

the d i f f i cu l ty  of reading the to ta l izer  simultaneously with the  swing 

of the swing-spout. 

To insure a simultaneous reading of the to ta l i ze r  wi th  the s t a r t  

and stop of the flow of water into the cal ibrat ion tank, a camera was 

mounted d i rec t ly  above the to ta l i ze r  and connected e lec t r ica l ly  through 

a synchronizer t o  a mercury t r i p  switch a% the cal ibrat ion .tank. ( ~ i g u r e  

and Figure 3A. ) With this arrangement the  shutter of the camera was 

opened a t  the same ins tant  t h e  swing-spout touched the t r i p  switch. 

An accurate reading of the to ta l i ze r  could be obtained from the 

i-esulting photograph. To determino period of -* 'a watch was mouated 

next t o  the to ta l i ze r  in such a manner as to  be included i n  the picture. 

This method eliminated the human factor i n  the readings, and provided 

a permanent record of the initial data, For photographs and computations 

of a typical m, see Figure 3B. 

Relation of Accuracy to Discharge 

The f i r s t  t e s t  consisted of 30 runs in which the accuracy of the  

meter was measured for  discharges from 0.083 t o  3.358 second-feet. 

The dorresponding mean veloci t ies  through the pipe rengd from 0.42 t o  
' 

17.10 fee t  per second. I n  these  nus the actual discharge, indicated 

discharge, and duration of run  were measused i n  t h e  manner described 

above. 1% w a s  also planned t o  measure the head loss  of the meter, but 

t h i s  was prevented by a defective piezometer in the line, which was not 



the  r e l a t i on  of accuracy of the  meter to discharge o r  velocity,  a r e  

show on Figure 28. The curve reprasents  the  mean of the  scat tered 

w points,  A typ ica l  accuracy curve fo r  a 6-inch tube-type meter, as 

taken from the  manufacturers Drawing No. 325-9982, is sho~m on 

'r'igure 2 R  as a dotted l i ne .  Two t e s t s  by t he  manufacturers on t he  

same meter as t e s t ea  i n  t he  1.Iydrauli.c Laboratory o f  the  Bureau, a r e  

a l so  shown on t h i s  f igure.  It is t o  be noted t h a t  the data obtained 

by the  Bureau indicated an average meter accurac5 of  about 99 percent, 

vinile t ha t  of the  manufacturer indicated an accuracy of about 101 

percent. iJo explanation fo r  t h i s  difference was suggested. It was 

pointed out t h a t  there  was a difference in t h e  method of c a l i b r a t ~ o n  

in  t h a t  the manufacturers used a quick act ing valve to control  t h e  

flow i n to  t h e i r  cal ibrat ion tank, whereas the Bureau laboratory used 

a swing-spout t o  permit the flow to s t a b i l i z e  before turning it i n t o  

the  ca l ib ra t ion  tank, However, it can be shown t h a t  any dif ference 

from these t ~ ; o  methods would be opposite from t he  res?iLts obtained. 

It i s  tmderstood t h a t  the  fgctory t e s t s  'rere made without any 

I lubr icant  i n  th,e meter. Before the meter was sent to t he  Bureau 

I laboratory it was packed vrith a specia l  grease, If t h i s  grease 

tended t o  increase the f r i c t i o n  on t h e  bearings it vmuld explain 

t h e  lower values obtained by t he  Bureau laboratory. 

The scat tered e r r a t i c  nature of  the  da ta  was questioned. Since * 
the  l o s s  of head was not measured, the  l i n e  pressure was a l so  not 

# measured because both t h e  manufacturers and the engirreers of t h e  

I Bureau t a c i t l y  assumed t h a t  the l i n e  pressure would have no e f fec t  



was used for  high and low heads. The resul t s  showed tha t  the accuracy 

varied from 97.8 percent for a low head t o  100.9 percent f o r  a high 
Y 

he ad. 

* Relation of Accuracy to  Line Pressure 

lfhen it was demonstrated that the l i n e  pressure had an appreciable 

e f fec t  on the accuracy of the meter, a t e s t  was made to show the  

relationship of accuracy to l i n e  pressure for  discharges of 0.355, 1.002, 

and 1.732 second-feet, and fo r  heads between 6.1 and 91.3 feet  of water. 

The curves of Figure 2 C  show an appreciable variation of accuracy with 

l i n e  pressure. For the discharge of 1.002 second-feet the accuracy was 

97,3 percent a t  a head of 6.1 fee t ,  98.5 percent a t  a head of 25 feet ,  

100,6 percent a t  a head of 58.5 feet ,  and 99.1 percent a t  a head of 86 
. . . . . . . . . . . . . . . .  .................. ....... 

f ee t ,  The curves for other discharges were similar, and from t h i a  data 

it might be concluded that the accuracy would vary from 97.3 percent 

to lOl,5 percent. The cause of th i s  variation of accuracy with l i n e  

pressure can not be explained from t h i s  test, and since it was neces- 

sary to  return the meter t o  the manufacturer, no further t e s t s  were 

made. 

Theory of P r o p e l l e r - b e  Meter 

If an extended study of t h i s  type of meter viere to be made it 

would be desirable t o  have a rat ional  analysis t o  compare tine data. 

This section is presented a s  a p p o s e d  s t e p  in the development of 

r s  such an analysis, t h e  basis of which is reasonably val id for  cases 

where the 1ineTpressure i s  held constant. It is possible to show 



that the  accuracy curves obtained by the manufacturers have a 

theore t ica l  basis,  and tha t  i f  t he  period of operation of the meter 

i s  known a correct ion fac tor  may be applied t o  the  reading of t h e  

t o t a l i ze r .  

Flow measurement devices f o r  closed conduit3 may, generally, 

be c l a s s i f i ed  into  th ree  groups: those aihich measure the aynamic 

pressure force of t h e  f lu id ;  those which use t he  movement of the  

f l u i d  t o  drive an impeller; and those which use volumetric and 

weighing devices, It is t h e  second group with which t h i s  discus- 

sion is concerned, v.hich includes current  meters, anemometers, and 

propeller  meters such as t h e  Sparling neter ,  In  instruments of  

t h i s  type, a de f in i t e  re la t ionship exists between the  veloci ty  of 

t h e  fluid and the  r a t e  of ro t a t i on  of the  propeller  o r  vanes, 

Plotted iR rectangular coordinates t h i s  re la t ionsh ip  becomes very 

nearly a s t r a igh t  l i n e  which f o r  purposes of t h i s  discussion may be 

expressed as Va = aR { b (see C w e  A of Figure u), where Va i s  

the  ac tua l  ve loc i ty  of flow, R is  the  speed of ro ta t ion  of t h e  

propeller, a i s  a constant representing t h e  r e l a t i on  between t h e  

change of mlocity t o  the change of speed of the  propeller, and 

b i s  a constant representing the  i n i t i a l  veloci ty  required to  over- 

come t h e  f r i c t i o n a l  res is tance of the  propeller. 

In ca l ib ra t ing  a current meter or anemometer the.problem i s  

essen t ia l ly  to determine the constants a and b. I n  the use of these 

meters, the procedure i s  the determination of t he  r a t e  of ro ta t ion  

of t h e  propeller  or vanes and reference to a t ab l e  o r  graph giving 





B of Figure 4B was drawn in this manner by using arbi t ra ry  values of 

b and V, without reference t o  any particular meter. 

If  the curves as shown i n  Figure 4A can be ver i f ied  experimentally, 

l it follows tha t  a simple correction fac-Lor may be applied to the indicated 
0. 

reading of the meter i f  the period of the run is known. Let the 
1 1  

t 

indicated discharge Qi =Lvi&, and this mant i ty  recorded by the  

t o t a l i z e r .  Now a t  any instant the actual. discharge is A Q, = AQi - - 
X 

V, At. V i  A ; .  It was shown that Va = aR b, and Vi = AR. The 
7 

value of A depends upon the r a t i o  of the gears from the propeller t o  

the total izer .  Assume tha t  th is  ra t io  is changed by the factor a 
A 

so that V i  . - a = a.R, (curve C, Figure U). Then the er ror  function 
A 

becomes K = Vi and the expression 4 Qa = 'i d t = (vi f b) At = 
~ ~ b '  K 

(2 vi f b) t, or Q, = $ vi t f b t, but t h i s  quantity is' equal 
I1 

t o  the reading of t h e  to ta l izer  modified by the factor 2, plus the 
A 

q-dantitg b*T trhcrc 'l' i.s the time of the run. 







Meter - 45709.2 
Watch - 14: 47.0 

Tank Volume 
Meter Difference 
Watch Difference 

Meter - 46091.5 
Watch - 20: 29.0 

378.7 cu. f t .  
382.3 cu. ft. 
342.0 seconds 

A. Inetallation of a 6-inch Sparling main Dischwge 1.107 c.f.o. 
Meter .l\ccuracy 

line meter in the Bureau of Reclamation loo.* 

hydraulic laboratory for the purpose of B . TYPICALt COMPUTATIONS 

conducting accuracy teets. The camera, 
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eynchronizer, and stop-watch were u e d  C0ACHELT.A D ~ I B U T I O N  SYSTEM 2 
m 

to obtain inetantaneoue readings. TESTS ON SPARLING METER 
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